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Project Goals: This Early Career Research Project aims to build comprehensive single-cell 

resources for bioenergy grasses, characterizing sorghum, switchgrass, and Brachypodium cell 

types at unprecedented scale and resolution. These resources will be used to investigate cell type-

specific environmental stress responses under agriculturally relevant conditions. In addition, we 

aim to understand how microorganism influence these responses. These efforts will ultimately 

lead to enhanced understanding of the multifaceted ways that plants react to changing conditions.  

Abstract Text: Biomass from plants is an important resource that enhances energy 

independence and promotes good environmental stewardship. Poor growing conditions (such as 

drought or low soil nutrient composition) hinders optimal performance of these bioenergy crops. 

Therefore, the development of new strategies to improve plant biomass production will require a 

better understanding of how plants respond to (and cope with) stress imposed by the 

environment. Plant responses to drought are complex and involve the coordinated action of many 

different types of cells with specialized functions (cell types). For example, cells that compose 

stomata (pores in the leaf that open and close to exchange carbon dioxide and oxygen, potentially 

leading to water loss) will respond very differently to drought than cells of the plant vasculature. 

This project aims to use cutting-edge single-cell characterization technologies to measure how 

individual cells and cell types respond to drought and nutrient limitation in two prominent 

bioenergy crops, sorghum and switchgrass. This will require the construction of large curated 

datasets detailing the regulation of genes in hundreds of thousands of individual plant cells. In 

addition, we will quantify how genes are turned on or off under drought and nutrient stress when 

grown under conditions very similar to those in agricultural plots using sophisticated plant 

growth chambers. Lastly, the we will investigate the impact of beneficial microorganisms in the 

soil to plant growth under stress. The results of this project will significantly advance our 

foundational knowledge of how plants coordinate responses to environmental stress, and will 

ultimately enable us to target genes in specific cell types for crop improvement. Here, we will 

present our experimental design, expected outcomes, and preliminary data from our single-cell 

atlas construction efforts. 
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